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Abstract
The inclusive production of 77 mesons has been studied using 1.6 million hadronic Z decays collected with the L3 detector. 
The 7] multiplicity per event, the multiplicity for two-jet and three-jet events separately, and the multiplicity in each jet have 
been measured and compared with the predictions of different Monte Carlo programs. The momentum spectra of 77 in each 
jet have also been measured. We observe that the measured 77 momentum spectrum in quark-enriched jets agrees well with 
the Monte Carlo prediction while in gluon-enriched jets it is harder than that predicted by the Monte Carlo models.
1. Introduction
The production of quarks and gluons from e+e_ an­
nihilation is well described by the Standard Model [ 1 ] 
while the subsequent non-perturbative hadron forma­
tion is still in an exploratory state, guided by phe­
nomenological models. The two most widely used are 
the string and the cluster models, implemented respec­
tively in the Monte Carlo programs JETSET 7.3 [2] 
and HERWIG 5.5 [3]. Both programs use the parton 
shower approach based on a leading-log perturbative 
QCD calculation to model fragmentation.
The 77 meson is well suited to study the hadroniza- 
tion, since a large fraction comes from fragmentation 
rather than decay. We analyzed the 7} production in 
the following contexts:
-  the total 77 production rate per event; this produc­
tion rate is predicted neither by QCD nor by frag­
1 Supported by the German Bundesministerium für Bildung, Wis­
senschaft, Forschung und Technologie.
2 Supported by the Hungarian OTKA fund under contract num­
bers 2970 and T14459.
3 Supported also by the Comisión Interministerial de Ciencia y
>
Technologia.
4 Also supported by CONICET and Universidad Nacional de La 
Plata, CC 67, 1900 La Plata, Argentina.
5 Also supported by Panjab University, Chandigarh-160014, India.
mentation models and needs to be determined ex­
perimentally.
-  the multiplicity of r\ mesons in quark and gluon jets; 
QCD predicts a general enhancement of the particle 
multiplicity in gluon jets with respect to quark jets 
at the same jet energy due to the higher color charge 
of the gluon, irrespective of the particle type. We 
call this effect the enhancement by QCD.
-  the momentum spectrum of 77 mesons, both in quark 
and gluon jets; this spectrum is predicted by QCD 
inspired fragmentation models [2,3]. An additional 
enhancement of isoscalar meson and glueball pro­
duction, particularly at high momenta, in gluon jets 
with respect to quark jets has been predicted based 
on an independent fragmentation model [4]. We 
call this effect the enhancement from fragmentation. 
The general enhancement of particle multiplicity in
gluon jets is implemented in both of the Monte Carlo 
generators we use to compare to our data. Both ap­
proaches predict similar particle spectra; no enhance­
ment of 77 production at high momenta in gluon jets 
is expected in either model.
We test the validity of the QCD enhancement by 
comparing the production rate of both 7r° and 77 in 
gluon jets relative to quark jets. Since the enhancement 
by QCD is implemented in the Monte Carlo programs 
used, this test is equivalent to comparing the rates per 
event in data and Monte Carlo separately for two-
130 L3 Collaboration / Physics Letters B 371 (1996) 126-136
jet and three-jet events, after the total rate has been 
determined.
We investigate any additional enhancement of 
isoscalar mesons from fragmentation by focusing on 
deviations from Monte Carlo predictions in the pro­
duction rate and spectrum for both 7r° and rj found in 
gluon jets. Since the enhancement is not implemented 
in the Monte Carlo, it should appear as a deviation at 
high momentum only for 77.
The 7] production rate in a gluon-enriched environ- 
ment and the 77 momentum spectra have been pre­
viously measured [5-8]. Although indications of a 
potential enhancement from fragmentation were ob­
served both in rate and spectrum, no firm conclu­
sion was possible due to statistical limitations. In our 
own previous analysis [9] we observed a deviation of 
the measured 77 momentum spectrum from the Monte 
Carlo prediction. The increased number of hadronic 
Z decays recorded by L3 allows a further study of r\ 
production in quark-enriched and gluon-enriched jets.
2. The L3 detector
The L3 detector is described in detail in Ref. [ 10]. 
It consists of a central tracking chamber, a high resolu­
tion electromagnetic calorimeter composed of bismuth 
germanium oxide (BGO) crystals, a ring of plastic 
scintillation counters, a uranium calorimeter with pro­
portional wire chamber readout, and a precise muon 
spectrometer. These detectors are installed in a 1 2  m 
diameter magnet which provides a uniform field of 
0.5 T along the beam direction.
The central tracker consists of a time expansion 
chamber (TEC) with high spatial resolution in the 
plane normal to the beam, and a Z-chatnber mounted 
just outside the TEC, supplementing the r / measure­
ments with z measurement.
In this analysis only the barrel part (42° < 6 < 
138°) of the electromagnetic calorimeter is used. The 
material preceding this detector amounts to less than 
10% of a radiation length. In this region the energy 
resolution is 5% for photons and electrons of energy 
around 100 MeV, and is less than 2% for energies 
above 1 GeV. The angular resolution of electromag­
netic clusters is better than 0.5° for energies above 1 
GeV.
3. Event selection
The selection of events of the type e+e-  —» hadrons 
is based on the energy measured in the electromagnetic 
and the hadron calorimeters. Events are accepted if 
they have high multiplicity and high and well balanced 
visible energy [11]. For the data taking period from
1991 to 1993, a total of 1.6  million events are selected 
as hadronic events.
We compare our data to 1.6 million events generated 
by JETSET and 0.4 million events generated by HER- 
WIG. The events are passed through the L3 detector 
simulation program [ 1 2 ], which accounts for detec­
tor resolution, energy loss, multiple scattering, inter­
actions and decays in the beam pipe and the detector. 
The events are processed by the same reconstruction, 
selection and analysis programs as the experimental 
data. We accept 99% of the simulated hadronic Z de­
cays.
Jets are built from energy depositions (clusters) in 
the calorimeters using the LUCLUS jet finding algo­
rithm [13].LUCLUS is based on a jet resolution vari­
able, measured in GeV. The two calorimetric clus­
ters with the smallest d are combined if cl does not 
exceed a chosen dj0j„ value. For small opening angles, 
the variable d  can be interpreted as the transverse mo­
mentum of one of the clusters with respect to the sum 
of the two cluster momenta. The procedure is repeated 
until all pairs of remaining clusters have d  greater than 
¿/j0in. The remaining clusters are then called jets if their 
energy exceeds 5 GeV. To remove background from 
high-energy leptons and photons we require more than 
4 calorimetric clusters in a jet. Typically, a hadronic 
jet consists of 15 clusters. Jets are ordered according 
to their energies, jet 1 being the most energetic one.
We classify events with two jets as the two-jet events 
and events with three or more jets as the three-jet 
events. At d$0\n = 5 GeV, events with four or more 
jets are about 17% of the three-jet sample. Table 1 
shows the measured three-jet event rate for different 
¿/join values. We compare the measurement with the 
predictions from JETSET and HERWIG, before (Gen­
erator) and after (Detector) detector simulation. The 
measured rates are well described by the Monte Carlo 
predictions. In the following analysis we choose djoin
= 5 GeV.
We use the JETSET Monte Carlo events to study 
the gluon-jet purity of the third jet. All except the
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Fig. I. The y y  invariant mass spectrum for each jet in three-jet events. The number of two-photon combinations are shown. The fit to the 
background and 77 signal is indicated.
Table I
The three-jet event rate for different ci]oin values compared with 
the JETSET and HERWIG Monte Carlo predictions, before (Gen­
erator) and after (Detector) detector simulation. The statistical 
uncertainty of the quoted numbers is negligible.
rl• •“  loin
(GeV)
Data JETSET HERWIG
Generator Detector Generator Detector
3 64% 66% 65% 66% 63%
4 52% 54% 53% 54% 51%
5 43% 45% 43% 45% 42%
6 35% 38% 36% 38% 35%
7 29% 32% 29% 32% 29%
two most energetic jets are included as the third jet. 
One approach is based on events generated using the 
parton shower (PS) model to describe the perturbative 
fragmentation process. A jet is called quark jet if it 
is the closest jet in space to either one of the two 
primary quarks. The remaining jets are called gluon 
jets. In three-jet events 97% of jet 1 and 87% of jet 2 
are associated with the two primary quarks, while the 
remaining jets correspond to gluon jets in 85% of the 
cases.
In a second approach we check the result with JET- 
SET events where a second order matrix element cal­
culation (ME) is used. For these events the primary 
gluon is well defined and allows the gluon jet to be 
determined. We find a gluon-jet purity for the third jet 
of 69%. The probabilities of jet 1 and 2 to originate 
from a quark are 90% and 78% respectively.
Both Monte Carlo approaches predict primary gluon
enrichment for jet 3. The dependence of the gluon-jet 
purity on the jet resolution parameter is small for d ^ in 
values between 3 and 7 GeV.
77 and tt° mesons are reconstructed from their two- 
photon decays. The photon selection criteria are as 
follows:
-  the electromagnetic cluster must be in the barrel 
region, | cos 0 \ < 0.74;
-  the energy of the cluster must be greater than 500 
MeV for 7] and 100 MeV for 7r°;
-  the angle between the cluster and the nearest 
charged track must be greater than 50 mrad;
-  the lateral shower shape of the cluster must be con­
sistent with that of a photon.
We calculate the invariant mass, Mr r , of all two- 
photon combinations in the event. Since photons from 
7r° decays contribute significantly to the combinatoric 
background of the 77 signal, we reject from the 77 sam­
ple all photons contained in a two-photon combination 
with an invariant mass consistent with the tt° mass 
(0.113 < M yy <0.157 GeV).
A fit is made to the two-photon invariant mass spec­
trum in the 77 and 1r° mass regions using a Gaussian 
function to represent the signal and a third order poly­
nomial to describe the background. Fig. I shows the 
result of the fit in the 77 mass region for each jet. Jet
3 is usually broader and hence has a higher selection 
efficiency for photons. This is seen in Fig. I where 
a better signal to noise ratio in the 77 mass spectrum 
is observed. The 77 or 7r° candidate is assigned to its 
closest jet in space.
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Fig. 2. (a) The x 2 distribution of the electromagnetic clusters and 
(b) the distribution of the number of clusters in the jet compared 
with the JETSET and HERWIG Monte Carlos. Both variables are 
shown for jet 3. The number of Monte Carlo events is normalized 
to the number of hadronic Z decays.
The model parameters in the Monte Carlo programs 
JETSET and HERWIG have been adjusted to repro­
duce the global event properties [14] of hadronic Z 
decays. We therefore check if the Monte Carlo pro­
grams can also model the data in individual jets. Good 
agreement between data and Monte Carlo is found 
for the jet energy, the number of constituent energy 
clusters for the jets, electromagnetic cluster energy, 
shower shape parameters, as well as other quantities 
which affect the reconstruction of rj and nr°. As an 
example, Fig. 2a shows the distribution of the x 2 of 
the electromagnetic clusters in jet 3, which we ob­
tain by comparing the energy deposition in the crys­
tals of the cluster to that expected for a photon. For 
accepted photon candidates we require a x 1 of less 
than 8 . Fig. 2b shows the distribution of the number 
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Fig. 3. The ratio of the r} background for each jet in the data and 
the Monte Carlo as a function of x/}, Jet l / 2  denotes the first jet 
in two-jet events, Jet 1/3 denotes the first jet in three-jet events, 
etc. xp is defined as the momentum divided by the beam energy.
and the Monte Carlo for both variables is observed. 
The same agreement is also seen for the variables of 
jets 1 and 2. The momentum spectrum of the r) back­
ground (under the rj peak within a mass window of 
0.5< M yy <0.595 GeV) has been compared with the 
Monte Carlo prediction. Fig. 3 shows that the ratio 
of data spectra to Monte Carlo spectra for each jet is 
flat. The same check has been done for tt° and sim­
ilar results are obtained. Therefore the Monte Carlo 
adequately describes the momentum spectrum of the 
background.
4. Multiplicity of 17 production
For the two-jet and three-jet events, as well as for 
each jet type, we determine the number of 77 mesons 
from the Gaussian part of the fit to the invariant mass 
spectra, as shown in Fig. 1. In the hadronic events we 
analyzed we find in total (15096 ±  233) 77 mesons.
We estimate the 77 reconstruction efficiency by ap­
plying the same procedure to JETSET Monte Carlo 
events. The efficiency value is used to correct the ob­
served number of 77 mesons. The resulting 77 produc-
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Table 2
The measured 77 and ir° production multiplicities for different 
event types, corrected for the 77 reconstruction efficiency calculated 
from JETSET Monte Carlo events. The statistical and systematic 
errors of the multiplicity measurements are given. The model 
difference indicates the difference obtained when using HERWIG 
instead of JETSET to estimate the 77 reconstruction efficiency. The 
Monte Carlo predictions are also given after being normalized to 
the measured 77 multiplicity in two-jet events, 0 .75.
Hadron Event Meas­ Stat. Syst. Model JET­ HER­
type ured diff. SET WIG
V two-jet 0.75 ± 0.02 ±0.07 -0 .0 3 0.75 0.75
three-jet 1.14 ± 0.02 ± 0.10 -0.11 1.02 0.97
all 0.93 ± 0.01 ±0.09 —0.06 0.87 0.84
7T° two-jet 8.61 ±0.03 ±0.29 -0 .91 8.51 8.65
three-jet 11.62 ±0.03 ±0.39 - 2.01 11.32 11.42
all 9.90 ± 0.02 ±0.33 -1 .3 9 9.72 9.81
tion multiplicity is shown in Table 2 for the different 
event types. The same procedure is used to determine 
the 7r° multiplicity, which is also shown in Table 2. 
The total 77 multiplicity with all event types is mea­
sured as
0.93 ±  0.01 (stat.) ±  0.09(syst.) -  0.06(model).
The value agrees well with our previous measure­
ment [9].
Systematic errors are estimated by varying the pho­
ton selection cuts. An additional error comes from a 
small (4%) difference of the detector efficiency ob­
served when measuring the 77 and 7r° multiplicities for 
the two detector hemispheres. The statistical uncer­
tainty of the Monte Carlo is included in the systematic 
error.
We repeat the efficiency computation using HER­
WIG Monte Carlo events. The difference from the 
JETSET efficiency serves as an estimate for the model 
dependence of the result and is treated as an additional 
systematic error. It is shown separately in Tables 2-4.
As already observed in previous analyses [9,15], 
the overall 77 multiplicity (0.93) is not well repro­
duced by the Monte Carlo calculations (1.09 for JET­
SET 6 , 1.31 for HERWIG). This is true for both two-
6 For the JETSET Monte Carlo the parameters PARJ(25) and 
PARJ(26) allow the overall 77 and 77' production rate to be sup­
pressed. We used PARJ(25) = 0 .6  and PARJ(26) = 0.3 for the 
event generation. Changing PARJ(25) is equivalent to the nor-
Table 3
The 77 and 7r° production multiplicity for the jets of two-jet 
events compared with the JETSET and HERWIG Monte Carlo 
predictions. The Monte Carlo prediction for the 77 is scaled by 









V 1 0.39 ± 0.01 ±0.04 - 0.01 0.39 0.39
2 0.36 ± 0.01 ±0.06 -0 .0 3 0.36 0.36
77-° 1 4.56 ± 0.02 ±0.14 -0 .4 7 4.43 4.51
0 4.05 ± 0.02 ±0.16 -0 .4 4 4.08 4.14
Table 4
The 77 and tt° production multiplicity for the jets of three-jet 
events compared with the JETSET and HERWIG Monte Carlo 
predictions. The Monte Carlo prediction for the 77 is scaled by 
0.79 for JETSET and 0.64 for HERWIG.
Hadron Jet Meas­ Stat. Syst. Model JET­ HER­
ured diff. SET WIG
V 1 0.39 ± 0.02 ±0.07 + 0.01 0.36 0.34
2 0.32 ± 0.01 ±0.03 - 0.02 0.33 0.31
3 0.41 ± 0.01 ±0.03 —0.07 0.32 0.31
7 T ° 1 4.11 ± 0.02 ±0.16 -0 .61 4.06 4.05
2 3.77 ± 0.02 ±0.14 —0.66 3.76 3.74
3 3.67 ± 0.02 ± 0.12 -0 .6 4 3.50 3.64
jet and three-jet events. In Table 2 we have therefore 
normalized the Monte Carlo 77 multiplicity in 2-jet 
events to the measurement, 0.75, as shown in Table 2. 
The scaling factors are 0.79 for the JETSET and 0.64 
for the HERWIG Monte Carlos. It can be seen from 
the table that after the normalization, the predicted 77 
multiplicities in three-jet events and all events are in 
agreement with the measurement. No scaling is nec­
essary for 7r° multiplicities.
From Table 2, we can form the following ratios of 
mean multiplicities:
{77 in three-jet events)
{77 in two-jet events)
= 1.52±0.05(stat.) ±0,06(sys.) -0 .09(m odel)
The corresponding number is 1.36 from JETSET and 
1.29 from HERWIG:
malization of the multiplicity.
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Table 5
The measured momentum dependent 77 production rate for the 
jets of two-jet events. The first error is statistical and the second 
systematic, The predictions from JHTSET and HERWIG are also 
given.
Jet xf, range Measurement JET- HER-
SET WIG
0.02 < Xp < 0.05 1.55 dr 0.10 ± 0.25 1.85 1.75
0.05 < Xp < 0.08 1.16 ± 0.07 i 0.12 1.07 1.04
0.08 < Xp < 0 . 1 1 0.86 0.07 0.16 0.75 0.78
0 .11 < Xp < 0.15 0.59 i 0.06 0.13 0.53 0.55
0.15 < Xp < 0.20 0.47 ± 0.05 i 0.16 0.34 0.36
0.20 < Xp < 0.30 0.33 i 0.05 ± 0.12 0.19 0.21
0.02 < Xp < 0.05 1.59 ± 0.10 ± 0.24 1.84 1.78
0.05 < Xp < 0.08 1.13 =b 0.08 ± 0.12 1.07 1.03
0.08 <
Xp < 0 . 1 1 0.70 i 0.06 ± 0 . 1 1 0.71 0.72
0 . 1 1  < Xp < 0.15 0.60 i 0.06 i 0.11 0.46 0.49
0.15 < Xp < 0.20 0.44 1 0.05 lb 0.10 0.28 0,30
0.20 < Xp < 0.30 0.21 0.04 i t 0.13 0.13 0.16
(77- 0  in three-jet events)
(77*° in two-jet events)
= 1.35 ± 0.01 ( stat.) ±0.01(syst.) ~0.10(model)
The corresponding number is 1.33 from JETSET and 
1.32 from HERWIG.
This ratio is determined by the effect of general 
QCD enhancement combined with the average energy 
of each jet. It is independent of the particle type as 
seen from the Monte Carlo prediction. From the data 
we clearly see the general QCD enhancement. For 7} 
there is probably an additional enhancement.
To study this enhancement, the 7} production rate 
is measured for each of the jets in two and three-jet 
events. The systematic errors including the error from 
the Monte Carlo model are estimated as mentioned 
above. The resulting 7} and i r °  multiplicities in each 
jet are given in Tables 3 and 4 for two and three-jet 
events. The measurements are compared with the pre­
dictions of JETSET and HERWIG, including the scal­
ing factors mentioned above. The agreement is very 
good for all jets except for 77 in Jet 3 where the mea­
sured 7] production rate is somewhat higher than that 
predicted by Monte Carlo, while for ir° no enhance­
ment in Jet 3 is observed. This is consistent with the 
enhancement from fragmentation of isoscalars. In the 
following we perform a detailed analysis on the mo­
mentum spectra of 77 mesons in quark and gluon jets
Table 6
The measured momentum dependent 77 production rate for the 
jets of three-jet events. The first error is statistical and the second 
systematic. The predictions from JETSET and HERWIG are also 
given.
Jet xP range Measurement JET- HER-
SET WIG
1 0.02 <Z Xp < 0.05 1.23 0 . 1 1 ± 0.24 1.41 1.21
0.05 <  Xp < 0.08 0.77 db 0.07 i 0.12 0.85 0.76
0.08 <  Xp < 0 . 1 1 0.57 db 0.06 db 0.15 0.56 0.52
0 .11 <  Xp < 0.15 0.55 i 0.04 0.15 0.37 0.36
0.15 <  Xp < 0.20 0.23 db 0.03 zb 0.06 0.22 0.24
0.20 *C Xp < 0.30 0.19 zfc 0.02 0.07 0 . 1 1 0.12
2 0.02 <  Xp < 0.05 1 . 0 1 dfc 0.14 ± 0.25 1.51 1.26
0.05 <  Xp < 0.08 0.78 ± 0.07 ± 0.20 0.90 0.81
0.08 <  Xp < 0 . 1 1 0.53 »1 >1 0.05 db 0.07 0.54 0.52
0 . 1 1 <  Xp < 0.15 0.35 ± 0.03 r t 0.06 0.32 0.33
0.15 <  Xp < 0,20 0.25 .1.. 0.02 db 0.06 0.17 0.18
0.20 <  Xp < 0.30 0.09 0.01 ~4~ 0.03 0.07 0.08
3 0.02 <  Xp < 0.05 1.85 0 . 1 1 0.27 2.07 1.80
0.05 <  Xp < 0.08 1.07 ± 0.04 ± 0.10 0.85 0.86
0.08 ^  Xp < 0 . 1 1 0.50 db 0.02 0.04 0.34 0.39
0 . 1 1 <  Xp < 0.15 0.28 db 0.01 db 0.03 0.14 0.16
0.15 <  Xp < 0.20 0.10 i 0.01 i 0 . 0 1 0.05 0.06
0.20 <  Xp < 0.30 0.03 ± 0 . 0 0 i 0.01 0.01 0.01
and compare them with those of 7t°.
5. The momentum spectrum of r \
We measure the 77 momentum spectrum for each 
jet. The momentum, x (U is expressed in units of 
the beam energy. For each x p bin a fit is made to 
the two-photon invariant mass spectrum to deter­
mine the 7] production multiplicity. The results are 
expressed as an x p-dependent production cross sec­
tion, 1 l<T}t d c r / d x p , where <x/, is the total hadronic 
cross section. The measured -dependent 7} rates for 
two- and three-jet events are summarized in Tables 5 
and 6 , Fig. 4 shows the measurement compared with 
the JETSET prediction. The Monte Carlo predictions 
agree well with the measurements for two-jet events, 
as well as for the first two jets in three-jet events. In 
the third jet of three-jet events the measured spectrum 
is harder than the Monte Carlo prediction.
For comparison, Fig. 5 shows the x n distributions 
of 7r° for three-jet events compared with the JETSET 
predictions. The Monte Carlo adequately describes the
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Fig. 4. The measured x f> spectrum for inclusive rj production (a) 
for two-jet and (b) for three-jet events compared with the JETSHT 
predictions.
77-° momentum spectra for all three jets. This result is 
consistent with that from other LEP experiments [ 16].
Fig. 6 shows the 77 momentum spectrum for quark- 
enriched jets (i.e. the two jets in two-jet events and 
the first two jets in three-jet events) and for gluon- 
enriched jets (i.e. jet 3) compared with the Monte 
Carlo predictions. To compare the data and Monte 
Carlo quantitatively, we define a x 1 =  S/liC/-6* ~  
fJ MC)2/ crJ^  where /¿/ is the measurement in bin /, 
is the Monte Carlo prediction, cr/ is the quadratic 
sum of the statistical and systematic errors and N is 
the number of x p bins. We treat the systematic er­
rors as uncorrelated between the different x{} bins 
(which gives a conservative estimate of the x 2)- For 
the quark-enriched jets the measured spectrum agrees 
well with Monte Carlo predictions, with x 1 j n d f  close 
to 1. However, for the gluon-enriched jet, the x 1 ¡n d f  












Fig. 5. The measured xp spectrum for inclusive 7r° production in 










Fig. 6 . The measured a-/} spectrum for inclusive 77 production for 
quark and gluon-enriched jets compared with the JETSET and 
HERWIG predictions.
These x 2 values confirm the visible difference be­
tween the shape of the momentum spectrum in data 
and Monte Carlo for the gluon-enriched jet. As a fur­
ther test we perform the same analysis for d-]Q\n = 4 
and 6  GeV and get similar results.
The observed harder 77 momentum spectrum for the 
gluon-enriched jet indicates that the fragmentation in
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gluon jeis is the origin of the difference between the 
measured and predicted 77 momentum spectra in our 
previous paper [9], Since the tt° momentum spectra 
in quark and gluon jets are in good agreement with 
Monte Carlo predictions, the enhancement by QCD is 
correctly modelled. The fact that the 77, which is an 
isoscalar, has a harder momentum spectrum in gluon 
jets than that predicted by Monte Carlo, is qualita­
tively consistent with the enhancement from fragmen­
tation [4]. Other independent fragmentation models 
could also give a harder 77 momentum spectrum in 
gluon jets, see for example Ref. [ 17].
6 . Summary and conclusion
The 77 multiplicity per event, measured using 1.6 
million hadronic Z decays, is 0.93 ±  0.01 (stat.) ±  
0.09(syst.) — 0.06(model). We find that the ir° pro­
duction in three-jet events is enhanced with respect 
to that in two-jet events, as predicted by Monte Carlo 
with the general enhancement by QCD, For the 77, the 
enhancement is stronger than both the 7r° enhance­
ment and the Monte Carlo prediction. The measure­
ment of the 77 multiplicity in each jet shows that this 
additional enhancement is from the gluon-enriched jet. 
The observed momentum spectrum of 77 mesons in 
gluon-enriched jets is also harder than predicted by the 
JETSET and HERWIG Monte Carlo programs. This 
difference is related to the modelling of the gluon frag­
mentation into isoscalars.
Acknowledgments
We would like to thank T. Sjostrand for many valu­
able discussions. We wish to express our gratitude to 
the CERN accelerator divisions for the excellent per­
formance of the LEP machine. We acknowledge the 
effort of all engineers and technicians who have par­
ticipated in the construction and maintenance of this 
experiment.
References
| 11 S.L. Glashow, Nucl. Phys. 22 (1961) 579;
S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264;
A. Salam, “Elementary Particle Theory”, Ed. N. Svartholm,
Stockholm, “Almquist and Wiksell” (1968) p. 367;
M, Gell-Mann, AcPA, Suppl. IX (1972) 733;
H. Fritzsch and M. Gell-Mann, 16th International Conference 
on High Energy Physics, Batavia, 1972, Eds. J.D. Jackson 
and A. Roberts, National Accelerator Laboratory ( 1972); 
H. Fritzsch, M. Gell-Mann and H. Leutwyler, Phys. Lett. B 
47 (1973) 365;
DJL Gross and F. Wilczek, Phys. Rev. Lett. 30 ( 1973) 1343; 
D.J. Gross and F, Wilczek, Phys. Rev. D 8 ( 1973) 3633;
H.D. Politzer, Phys. Rev. Lett. 30 (1973) 1346;
G. ’t Hooft, Nucl. Phys. B 33 (1971) 173.
[ 2 1 JETSET Monte Carlo Program:
T. Sjostrand, Comp. Phys. Comm. 39 (1986) 347;
T. Sjostrand and M. Bcngtsson, Comp. Phys. Comm. 43 
(1987) 367.
J 3 1 HERWIG Monte Carlo Program:
G. Marchesini and B. Webber, Nucl. Phys. B 310 (1988) 
461;
I.G. Knowles, Nucl. Phys. B 310 (1988) 571;
G. Marchesini et al., Comp. Phys. Comm. 67 ( 1992) 465.
[ 4 1 C.Peterson and T.F. Walsh, Phys. Lett. B 91 (1980) 455. 
[5J JADE Coliab., W. Bartel et al., Phys. Lett. B 130 (1983) 
470;
JADE Coliab., W. Bartel et al., Z. Phys. C 28 ( 1985) 343. 
[6] ARGUS Coliab., H. Albrecht et al., Z. Phys. C 46 (1990)
15.
171 CRYSTAL BALL Coliab., Ch. Bieler et al., Z. Phys. C 49 
(1991) 225.
{81 L3 Coliab., O. Adriani et al., Phys. Leti. B 286 ( 1992) 503. 
[ 9 1 L3 Coliab., O. Adriani et al., Phys. Lett. B 328 ( 1994) 223. 
1101 L3 Coliab., B. Adevaet al., Nucl. Instr. Meth. A 289 ( 1990) 
35;
L3 Coliab., 0 .  Adriani et al., Phys. Rep. 236 (1993) I.
[ 11 j L3 Coliab., M. Acciarri et ai., Z. Phys. C 62 ( 1994) 551.
[ 12 J The L3 detector simulation is based on GEANT Version 
3.14, November 1990;
see R. Brun et al., “GEANT 3”, CERN DD/EE/84-1 
(Revised), Sept. 1987.
The GHEISHA program (H. Fesefeldt, RWTH Aachen
Report PITHA 85/02 (1985))
is used to simulate hadronic interactions.
1131 T. Sjöstrand, Comp. Phys. Comm. 28 (1983) 229.
[ 14] L3 Coliab., B. Adeva et al., Z. Phys. C 55 ( 1992) 39; 
W.G. Ma and Y.F. Wang, “JETSET with Resonance 
Production”, L3 internal Note 1516 (1993).
The parameters of HERWIG have been retuned using the 
data of heavy flavor decays. The parameters used are: 
CLMAX=3,2, QCDLAM=0.17, VPCUT=0.5, CLPOW=1.45, 
B1LIM=0.35.
[15] ALEPH Coliab., D. Buskulic et al., Phys. Lett. B 292 (1992) 
210.
[161 DELPHI Coliab., W. Adam et al., CERN-PPE/95-I44, 
submitted to Z. Phys. C.
117| I. Montvay, Phys. Lett. B 84 (1979) 331.
